variate analysis revealed that advanced age, higher ASA scoring, postoperative morbidity, and advanced tumor growth worsened the long-term survival independently. Conclusions: Underweight patients had a worse early and long-term outcome after rectal cancer surgery. Overweight and obesity were associated with a significantly better long-term survival.
Introduction
Obesity is one of the global health challenges of the 21st century. Its prevalence has risen during the last decades while a change is not expected [1] . Despite the associated comorbidities and negative influences on health, obesity is also a challenge in surgery. In general surgery, obese patients usually have a higher rate of postoperative complications, even when adjusted for confounders. Presumably, in-hospital mortality is not influenced [2, 3] . A relatively common malignant disease that requires surgical treatment is rectal cancer. For example, rectal cancer is expected to cause almost 40,000 cases in the USA in 2017 [4] . Concerning the cancer-specific surgical treatment, postoperative complications are more common in obese patients [5, 6] . In contrast, there is some indication of an 'obesity paradox' in general surgery for overweight and obese patients [2] . It describes the fact that obesity is related to decreased mortality or increased survival after surgery. The respecMortality and in-hospital rates are higher in underweight patients than in patients with a body mass index (BMI) > 18.5 kg/m 2 [3, 5] . The influence on the long-term outcome is not concordant so far [2, 8] . The same applies to the postoperative complication rate [2, 3, 5] . Furthermore, different definitions for underweight and exclusion of certain surgical procedures can lead to the difficulty that a general conclusion cannot be derived.
The aim of this study was to investigate whether early postoperative and oncosurgical long-term outcomes are influenced by the patient's BMI to reflect daily oncosurgical care for primary rectal cancer in Germany and to provide more evidence to the inconsistent data from the literature.
Methods
The prospective multicenter observational study 'rectal cancer (primary tumor) -elective surgery' was used for gathering data. This study in the field of clinical care research was developed and conducted by the Institute of Quality Assurance in Operative Medicine at the Otto-von-Guericke University of Magdeburg, Germany. The study was initiated on January 1, 2005. Data from 2008 until 2011 was prospectively documented and retrospectively analyzed. In total, 10,625 patients were reported during this time period. Inclusion criteria were patients undergoing elective surgical treatment of a histologically secured primary rectal cancer at a participating hospital in Germany. The patient had to be at least 18 years old. No exclusion was made concerning participating hospitals. A standardized registration form of 68 items was completed by the responsible surgeons in the various surgical departments/hospitals of each level of care and was submitted via email or online. Every patient had to sign a consent form in order to take part in this study and the consecutive follow-up. This procedure was repeated every year and was reported by the physicians at the outpatient clinics.
The patients were subdivided into four groups according to the definition of the World Health Organization (WHO) for the BMI [9] , without further severity discrimination of obesity, i.e. underweight (BMI < 18.5 kg/m 2 ); normal weight (BMI 18.5-24.9 kg/m 2 ); overweight (BMI 25.0 kg/m 2 ); obesity (BMI 30.0 kg/m 2 ). A detailed description of the used method has already been published [10] . In total, 62 items were eligible for analysis. In brief, preoperative parameters included diagnosis at admission, age, BMI, tumor localization, risk factors such as cardiac or pulmonary risks as well as physical status classified by the American Society of Anesthesiologists (including ASA I-IV), and performed diagnostics including preoperative histological findings and presence of distant metastasis, bowel preparation, neoadjuvant therapies, use of antibiotics, and thromboembolic prophylaxis. The surgeon's experience, duration of operation and surgical procedure including radical, limited and local procedures, type of anastomosis, resection of multiple organs, and complications as well as clinical Mercury classification and R status were considered perioperative parameters. Postoperatively, general and surgery-related morbidity as well as in-hospital mortality, admission to another clinic, adjuvant or palliative therapies, and duration of hospital stay were analyzed. Furthermore, a detailed histopathological analysis was conducted, including type and grading of tumor, tumor stage according to TNM classification including L and V status, and tumor stage classified by Union International Contre le Cancer (UICC) as well as size, invasion of other organs, and pathological Mercury classification as well as coning. Six items of the original protocol for documenting rectal cancer patients at the Institute for Quality Assurance were identified as not being valid for analysis.
Primary endpoints were postoperative morbidity including general and surgery-related complications, in-hospital mortality, and long-term survival. This included 5-year overall survival (5-year OS), 5-year disease-free survival (5-year DFS), and 5-year local recurrence rate. Endpoints for disease-free survival were appearance of metastasis, local recurrence, second malignancy, and patient's death. Only patients with R0 resections and tumors staged as UICC I-III were included.
Statistics
Gathered data was managed by means of a study-specific database, which included validation criteria. SPSS ® (version 21; IBM ® ; Chicago, IL, USA) was used for statistical analysis. Used statistical models were Kruskal-Wallis test for continuous variables, chi-square test for cross tables, and Kaplan-Meier estimator with log-rank test for long-term data. Furthermore, multivariate analysis was performed using logistic regression for postoperative morbidity and inhospital mortality, and Cox regression for 5-year OS and 5-year DFS. All significantly differing items among various BMI-related patient groups were included in those analyses. Due to the little amount of reported cases, a Cox regression concerning the local recurrence rate was not possible. For all statistical tests, a p-value of <0.05 was considered significant. The tables are showing the last step of analysis, whereas items not listed were discarded during the previous step. Odds ratio (OR) or hazard ratio (HR) are given including the 95% confidence interval (CI).
Final Remark
All patients gave their written informed consent prior to surgical intervention.
The study was performed in accordance with the Helsinki guidelines for biomedical research from 1964 and their further updates, regulations set by the local ethics committee, as well as the basics of 'good clinical practice'. 
Results
In total, 9,920 patient records were eligible for analysis (acquisition rate: 93.4%). These were reported by 183 hospitals (range: 1-187 patients per hospital). The male-to-female ratio was 1.61 to 1. In total, 2.1% of the patients were underweight (n = 212), 38.0% normal weight (n = 3,770), 40.5 % overweight (n = 4,014), and 19.4% obese (n = 1,924).
The mean age was 68 years (range: 21-99 years). Obese patients (Ø: 66.83 years) were significantly younger than underweight (Ø: 68.99 years), normal-weight (Ø: 68.29 years) and overweight (Ø: 68.17 years) cases (p < 0.001). Concerning the preoperative physical status as classified by the ASA scoring (I-IV), underweight and obese patients were more critically classified than others (p < 0.001). ASA III was more often found in underweight patients (51.9%) and obese patients (47.0%) than in normal-weight (36.6%) and overweight (36.7%) subjects. Furthermore, underweight patients showed advanced and overweight as well as obese patients had significantly less advanced tumor stages according to UICC than normal-weight individuals (p < 0.001). UICC-IV carcinoma patients were found in 26.1% of all underweight patients compared to 21.0% in normal-weight, 16 The postoperative morbidity was 38.0%. If the patient was underweight (43.4%) or obese (42.9%), this rate was significantly higher than in normal-weight (36.6%) or overweight (36.8%) patients (p < 0.001).
General postoperative complications occurred in 25.5% of underweight, 18.1% of normal-weight, 17.2% of overweight and 18.9% of obese patients (p = 0.013). Underweight patients showed significantly more pulmonary complications (p < 0.001) and pneumonia (p = 0.022) than patients with a BMI of at least 18.5 kg/m 2 . In contrast, obese patients developed significantly more thrombosis (p = 0.024) than other cases. Other complications were not significantly associated with the patients' BMI, including urinary tract infection (p = 0.737) with a rate of 5.2% of all cases, cardiac complications (p = 0.596) with 3.6%, pulmonary embolism (p = 0.272) with 0.4%, renal complications (p = 0.262) with 2.2%, neurological or psychiatric complications (p = 0.985) with 2.4%, multi-organ failure (p = 0.212) with 1.3%, and 'others' (p = 0.389) with 3.1%.
Surgery-related complications were significantly more often found in obese patients (33.9%) than in underweight (28.3%), normal-weight (26.8%) and overweight (28.7%) subjects who showed comparable rates (p < 0.001). These complications included wound infection (p = 0.002; 4.0% of all obese patients), infection of the laparotomy wound (p < 0.001; 7.5% of the obese patients), complications at the colostoma site (p = 0.027; 1.6% of the obese individuals), and wound rupture of laparotomy (p < 0.001; 3.0%). In this category, multi-organ failure occurred significantly more often in obese patients (p = 0.007) but was scarcely reported than in the category of general postoperative complications. All other surgery-related complications showed no significant differences, including anastomotic insufficiency. Insufficiency occurred in 4.2% of all cases requiring surgery (p = 0.949) and in 3.4% without required surgery (p = 0.337). Further examined complications can be found in table 2.
The surgical result was worse in underweight patients, showing more often aboral (p < 0.001) and radial (p = 0.006) tumor-positive resection margins than in normal-weight patients. The radial margins of overweight and obese patients were less often positive. The oral (p = 0.764) as well as resection margins at adjacent organs (p = 0.142) and distant metastasis (p = 0.722) showed no significant association to BMI. The quality of total mesorectal excision was also comparable among the groups. Diagnosed coning (p = 0.132) as well as the gradation according to the Mercury classification did not differ significantly (p = 0.075) ( In total, 93.9% of all patients were regularly discharged from the hospital. Underweight ones (86.8%) were less likely discharged (p < 0.001) but were more often transferred to another clinic or hospital (8.5%; p < 0.001) than other patients who were discharged in 93.4-94.6% and transferred in 2.7-3.1% of cases. The mean in-hospital mortality was 3.1% and did not depend on the patient's BMI (p = 0.176). Adjuvant therapy was planned for 43.0% of the patients, without BMI-dependent differences concerning radiochemotherapy (p = 0.070) or chemotherapy (p = 0.100). Palliative chemotherapy (p < 0.001) or radiation (p = 0.003) were more often planned for underweight and less often scheduled for overweight and obese patients compared to normal-weight ones (table 4). The impact of the BMI onto the 5-year OS was analyzed in 5,995 patients. Taken together, 1,608 events were recorded and 4,387 patients were censored. Underweight patients showed an OS of 36.9% after 5 years, which was significantly lower than in normal-weight ones with 56.9% (p < 0.001). Overweight (60.9%) and obese (61.3%) patients had a significantly longer 5-year OS than normal-weight patients (p < 0.001 each) ( fig. 1 ). The 5-year DFS was analyzed in 4,441 patients, with 1,128 recorded events and 3,313 censored patients. Showing a DFS of 49.1% after 5 years, underweight patients had a DFS comparable to normal-weight cases, i.e. 54.2% (p = 0.168). Overweight subjects, showing 63.1% after 5 years, had a significantly longer DFS than in case of normal weight (p = 0.001). Although obese patients showed a 5-year DFS of merely 51.5%, concerning the whole curve their DFS was still significantly better than in subjects with normal weight (p = 0.027) ( fig. 2) . Local recurrence was observed in 114 events, leading to 4,283 censored patients and 4,397 patients in total. The local recurrence rate after 5 years was 6.1% in underweight, 4.3% in normalweight, 5.3% in overweight and 7.5% in obese patients. There were no significant differences (p > 0.05 each).
In total, 6,530 patients were included in the analysis for morbidity and in-hospital mortality. A number of 1,258 events was registered for 5-year OS, leading to 3,474 censored patients, whereas 1,001 events were recorded concerning 5-year DFS with 2,960 censored patients. In accordance with univariate results, obesity was an independent risk factor for postoperative complications with an OR of 1.31 (95% CI: 1.12- 
Discussion
Referring to the Robert Koch-Institute (Berlin, Germany), a total number of 79,524 rectal cancer cases (31,359 women, 48,165 men) occurred annually between 2008 and 2011 [11] . Thus, this study includes one eighth of all rectal cancer cases that occurred in Germany during this time period with an adequate sex ratio. Due to the large amount of acquired patient data and the consecutive follow-up, a detailed profile of every patient was created. In combination with multivariate analysis considering the mentioned endpoints, further influencing factors were identified and used to assess the impact of BMI on the outcome measures. Data obtained from hospitals of all levels of clinical care were included. In conclusion, the results can be considered as representative for the oncosurgical care of rectal cancer in Germany.
There are a few limitations to the study, e.g. by means of the retrospective analysis of data that, however, was obtained from the participating hospitals and documented in a prospective setting. In addition, due to the study design (data from daily clinical work, multicenter setting), it is not possible to foreclose incorrect and double reports on single items. Validity criteria implemented in the database were used to minimize this bias during data registration.
Impact of Obesity
Less advanced tumor stages in the overweight and obese patients compared to normal-weight ones may be caused by a catabolic metabolism in advanced cancer patients. Thus, primarily obese or overweight patients could be classified as 'just' overweight or normal weight at the time point of hospital admission. This hypothesis is supported by national data on obesity in the relevant age groups of 60-69 and 70-79 years. These show prevalence rates of at least 30%, which is a 1.5-fold higher rate than the 19.4% in our patient cohort [12] . The lower age of obese patients at admission may also be an indicator for this hypothesis. In our study, the physical status (ASA) was worse in those patients, which also showed more comorbidities, especially cardiovascular risk factors and diabetes mellitus (data not shown). These findings are not surprising and have been widely described in the literature [2, [13] [14] [15] .
In total, 42.9% of obese patients developed postoperative complications, which was a significantly higher percentage than in normal-weight patients. In particular, studies with large sample sizes show concordant results [3, 5, 15] despite the fact that there is literature reporting no(t) significantly increased morbidity rates [14, 16] . Increased morbidity in obese patients was mostly due to higher rates of wound infections. The association of obesity and infectious complications has been consistently shown in the literature [2, 3, [13] [14] [15] 17] . Options to reduce this increase in morbidity after general surgery and particularly rectal cancer resections include a laparoscopic approach or high inspired oxygen concentrations perioperatively [18, 19] . The fact that the least severe complications increased morbidity rates in obese patients is logic but these did not cause increased in-hospital mortality. For general surgery, Mullen et al. [17] presented results of an 'obesity paradox' with decreased mortality rates for obese patients. It appears that this is not applicable to colorectal resections as our results and those of other authors show [5, 7, 14, 20] . On the contrary, overweight and obese patients showed an independently increased OS. The 'obesity paradox' for long-term outcome after general surgery was described by Tjeertes et al. [2] . The fact that these patients had less advanced tumor stages than normal-weight subjects, as was also found in the study presented here, might have had an influence. Ballian et al. [7] encountered comparable tumor stages throughout their patients and did not find evidence for a better OS or DFS after patients had undergone proctectomy. However, the mean follow-up time period was relatively short (i.e. 23 months). You et al. [8] did not find a better outcome for those patients either but they only included anterior resections with curative intent.
Impact of Underweight
The catabolism theory for obese patients with less advanced tumor stages, as mentioned above, can be used for underweight cases in the opposite manner. In our analysis, 2.1% of all patients were underweight, compared to national population data of 0.1-0.2% in men and 0.2-1.9% in women depending on the age group of 60-69 or 70-79 years, respectively [12] . Preoperative weight loss is more common in underweight patients than in others [13, 17] . Prospective randomized controlled trials, in which parameters of malnutrition are also analyzed, are necessary for further investigation of this topic. Similar to obese patients, underweight subjects showed a worse physical status (according to ASA scoring) preoperatively and a comparable morbidity postoperatively. Thus, advanced tumor stages have to be kept in mind. Yasunaga et al. [3] reported that even after adjustment for tumor stages, underweight patients with colorectal and gastric cancer undergoing resection developed more complications than normal-weight patients. Multiple studies indicate that increased rates of preoperative risk factors are the reason for higher morbidity but not underweight itself [2, 13, 17, 21] . This is in accordance with the results of our multivariate analysis. In contrast to many other studies, our results did not show an increased mortality for underweight patients [3, 5, 13, 15, 17] . Adequate selection of patients for surgery and sufficient management of complications in case of their occurrence are possible reasons for this specific result. There is some evidence that pre-and perioperative nutritional support can be considered an option to substantially improve the problematic short-term outcome of underweight individuals. Carried out for a certain time period after surgery, this measure was able to improve at least morbidity [22] [23] [24] .
The long-term outcome was also worse in underweight patients. These patients had a reduced physical status and more advanced tumor stages preoperatively as well as a worse early postoperative result. Furthermore, in multivariate analysis, underweight was not identified as an independent factor that increases the HR for OS and DFS. In conclusion, the associated risk factors that were identified for worsening OS and DFS but not underweight itself altered the long-term (oncological) outcome as well as the early postoperative results after rectal cancer surgery.
Further Influencing Factors
More advanced tumor stages, especially with lymph node invasion or distant metastasis, were factors that negatively influence the short-and long-term outcome. Since these factors cannot be directly influenced, they should not be discussed at this point. Aspects of clinical care and surgical quality should rather be considered.
Neoadjuvant treatment might decrease in-hospital mortality. However, if a patient has severe comorbidities and risk factors such as cardiovascular risks, it is likely that this particular patient does not undergo radiation or chemotherapy prior to surgery. Holubar et al. [25] showed matching results for this theory. Schiffmann et al. [26] could not demonstrate a significant benefit of neoadjuvant treatment concerning mortality. ASA classification, age, and cardiovascular risk were comparable among their patients [26] . Preoperative bowel preparation is also a matter of ongoing discussion. In terms of postoperative complication rates, and in accordance with the results of Bretagnol et al. [27] obtained in their randomized trial, the presented study showed favorable results for performing this procedure. Concerning clinical decision-making, the influence of higher age and more critical ASA score must be considered. Both factors independently increased in-hospital mortality. Other large studies support this finding [10, 20] . Additionally, higher age independently reduced the 5-year OS and 5-year DFS, supporting former results of the Eindhoven Cancer registry [28, 29] . Those influences should be kept in mind when it comes to patient selection. Nevertheless, surgery remains the key in the treatment of rectal cancer. Perioperatively, a resection that is not free of residual tumor (R1 and R2 status) was associated with an increased in-hospital mortality and worse OS; thus, surgeons are obliged to make an effort in order to achieve an R0 resection. This aspect was also described by Radwan et al. [30] . Furthermore, the results of our study emphasize the need of a developed and sufficient complication prevention regimen. Perioperative complications triggered postoperative complications which themselves increased the in-hospital death rate and impaired the long-term (oncological) outcome (represented by OS and DFS). Aspects of increased morbidity due to longer hospital stay or harvest/examination of less than twelve lymph nodes have to be considered, though. If there were complications leading to a longer hospital stay, this was most likely caused by treatment measures. However, it cannot be ruled out that nosocomial infections possibly occurring during an extended hospital stay might have specifically increased the morbidity. A limited amount of lymph nodes might have been caused by difficulties during resections or other aspects that made it impossible to harvest or examine the number of lymph nodes as required by national guidelines.
Key Messages
Obesity increases postoperative morbidity but does not have an impact onto in-hospital mortality. In contrast, similar to overweight, it is associated with a longer OS which can be considered a long-term 'obesity paradox'. An obesity paradox concerning inhospital mortality is not applicable to the study population, though. In addition, underweight is also associated with increased morbidity but not mortality. A shorter OS and DFS after 5 years is most likely due to worse physical status and more advanced tumor diseases preoperatively.
What Is Already Known about this Project?
Obesity worsens postoperative morbidity after rectal cancer resection; however, a negative impact onto in-hospital mortality is unlikely. Some authors refer to an 'obesity paradox' in long-term outcomes, describing improved survival rates for overweight and obese patients. However, the literature is inconsistent about this subject.
The study design of a prospective multicenter observational study to reflect daily surgical practice as a contribution to research on clinical care can be considered an established and sufficient tool to characterize early postoperative and long-term oncosurgical outcome in cancer surgery in a consecutive patient cohort over a well-defined time period, which was the main goal in the presented comparable studies.
What Does this Study Add?
This study investigated the impact of various ranges of BMI in rectal cancer patients (e.g. underweight in the same way as the impact of obesity) on the tumor outcome. All tumor stages of rectal cancer and all kinds of rectal cancer surgery were included, and WHO definitions for various patient groups were used. Furthermore, the current situation of clinical care in Germany is characterized by employing a representative registry of patients whose data were obtained from a great number of participating surgical departments of each level of care.
The impact of underweight onto morbidity, mortality, and survival in general surgery and particularly rectal cancer resections is rarely investigated. Furthermore, several definitions are used to classify underweight, thus leading to less generalization of study findings. A negative impact on the mentioned parameters is likely.
In addition, the study revealed that underweight patients had a worse early and long-term outcome after rectal cancer surgery than normal-weight patients. Overweight and obesity were related to a significantly better long-term survival.
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